The broad spectrum antiviral nucleoside ribavirin as a substrate for a viral RNA capping enzyme.
The broad spectrum antiviral nucleoside ribavirin displays activity against a variety of RNA and DNA viruses. A number of possible mechanisms have been proposed during the past 30 years to account for the antiviral activity of ribavirin, including the possibility that ribavirin might have a negative effect on the synthesis of the RNA cap structure of viral RNA transcripts. In the present study, we investigated the possibility that ribavirin can directly serve as a substrate for the vaccinia virus RNA capping enzyme. We demonstrate that ribavirin triphosphate can be used as a substrate by the capping enzyme and can form a covalent ribavirin monophosphate-enzyme intermediate reminiscent of the classical GMP-enzyme intermediate. Furthermore, our data indicate that ribavirin monophosphate can be transferred to the diphosphate end of an RNA transcript to form the unusual RpppN structure. Finally, we provide evidence that RNA transcripts that possess ribavirin as the blocking nucleoside are more stable than unblocked transcripts. However, in vitro translation assays indicate that RNA transcripts blocked with ribavirin are not translated efficiently. Our study provides the first biochemical evidences that ribavirin can directly interact with a viral capping enzyme. The ability of a purified RNA capping enzyme to utilize ribavirin as a substrate has not been previously documented and has implications for our understanding of the catalytic mechanisms of RNA capping enzymes. The biological implications of these findings for the proposed ribavirin-mediated inhibition of capping are discussed.